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Summary

Round Robin experiments have been carried out on the Explosive Components Water Gap Test

(ECWGT). This rest is proposed by the Experts Group on Explosive Components for Fuzing

Systems of NATO AC3 10, Sub Group II. This report describes the experiments performed in the

Netherlands on tetryl and PETN containing leads.

Samenvatting

Er zijn 'Round Robin' experimenten uirgevoerd met de 'Explosive Components Water Gap Test'

(ECWGT). Deze test is voorgesteld door de Expert Group on Explosive Components for Fuzing

Systems van NAVO panel AC3 10, sub groep H1. Dit rapport beschrijft de in Nederland uitgevoerde

experimenten met overdrachtsladingen gevuld met tetryl en pentriet.
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INTRODUCTION

The experts group on Explosive Components for Fuzing Systems of NATO AC3 10, Sub Group U

has developed a test for the characterization of the sensitivity of explosive components: the Explosive

Component Water Gap Test (.CWGTY. A full desription of this test is give.N in A^l•.a (Irdna,'-u'

Publication - 21 (AOP-21) [1]. The agreement to use AOP-21 is recorded in Standardization

Agreement 4363 (STANAG 4363).

To evaluate this test, a Round Robin programme has been proposed and accepted by the in the

Experts Group participating countries (UK, France, USA, Germany, Denmark, Spain and the

Netherlands). This report describes the work performed by the Netherlands at TNO - Prins

Maurits Laboratory. The work described in this report is a part of the assignment A84/KIJ147:

Detonation trains of the Dutch Ministry of Defence.

2 TEST DESCRIPTION

The water gap test was originally developped by the German institute BICT and with their

permission and support modified. A drawing of the test set-up is given in Figure 1.

Witness Rod

Locating Plug

PMMA Tube

Acceptor

Water Gap

Donor Pellet

Detonator Holder

Detonator

Assembly Holder

Figure 1 Set-up of the Explosive Component Water Gap Test
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The test equipment consists of the following items:

- a 100 mm poly methyl methacrylate (PMMA) tube with an internal diameter of 21 mm and a

wall thickness of 2 mm;

- a 21 mm diameter 10.0 g ± 0.05 g RDX/wax (95/5) donor charge pressed to a density of

1.6 g/cm 3 ;

- a flat base # 8 detonator (diameter ± 7.2 mm);

- a centralizing and locating detonator holder (diameter 25 mm);

- demineralized water as the gap medium;

- an aluminium alloy (BS 1474, length 100 mm, diameter 6 mm) witness rod;

- a centralizing and locating plug for the witness rod.

The explosive component (acceptor) is glued on the witness rod. The witness rod slides through the

locating plug which has an extra hole of 2 mm diameter for water filling purposes. The donor

charge is glued in the other end of the PMMA tube. To ensure a watertight closure, and to allow a

secure fit for the detonator, another locating plug is glued under the donor charge and the PMMA

tube. The distance between the top of the donor charge and the bottom of the explosive component is

filled with demineralized water. The length of the water gap is inversely proportional to the pressure

applied on the component. A number 8 detonator is placed just before firing, and the entire test

set-up is placed on an assembly holder covered with a cardboard plate with a hole to allow a close fit

on the detonator holder. Detailed drawings of the items are given in Appendix 1 to Annex B of

AOP-21, which is added as Annex I to this report (SOURCE: BICT).

The damage inflicted upon the witness rod determines whether or not an explosion has taken place.

2.1 Adjustment of the gap length

Initially the gap length was obtained by using a digital marking gauge. The distance from the top of

the PMMA tube to the top of the donor charge was measured. The desired gap length was

subtracted from this length and the gauge was fixed at this value. The thus obtained length on the

gauge was used to adjust the witness rod and the explosive component through the locating plug

and to fix it with glue.

At a later stage, spacer blocks are used to obtain the gap between donor and acceptor.

After the witness rod and acceptor are glued in the locating plug, the space between donor and

acceptor is filled with demineralized water. Most of the tests are performed with the water surface

just touching the explosive component. Some experiments are carried out with the top of the

explosive component immersed approximately 2 mm into the water while the distance between

donor and component is at the desired gap length (see Figure 2).
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explosive com~poen explosive component

A B

Figure 2 Two ways of adjusting the gap length. Figure 2(a) illustrates the method where the
water surface just touches the bottom of the lead. In Figure 2(b) the lead is
immersed approximately 2 mm in the water

I!
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3 TEST PROCEDURE

The sensitivity of the components is determined with the components in the most sensitive

orientation according to the Bruceton test up and down staircase procedure. At first, tests are

performed to establish the water gap levels at which positive and negative events occur. Once these

levels are known the water gap length is increased or decreased by 1 mm until 20 tests are per-

formed. (When the previous result was negative the gap is decreased, when it was positive the gap

length is increased.) If necessary a safety test sequence is performed, i.e. when the number of

negative results obtained at a gap length of 1 mm + the maximum gap where a positive event has

taken place is less than 5. This safety test completes the number of 5 negative events and defines the

"NO GO" level.

To determine the median gap length and the standard deviation, the minimum gap length (H0) is

indexed zero (index = i), the other gap lengths are indexed 1, 2, etc.. At each index the number of

positive results (n+) and the nu.mber of negative results (n-) are counted. For further calculations,

n+ is used when the total number of positive results (I N+) is less than or equal to the total

number of negative results (I N-).

For each indexed gap length, i • n+ and i2 • n+ are calculated; the sum of these products is called A

and B, respectively.

The median is calculated with the formula:

M 5 0 = H 0 +-- + 0.5* (1)

(*When using n+ add 0.5, when using n- subtract 0.5)

The standard deviation is calculated with the formula:

S = 0.05 + 1.6 N 2 (2)
N2

An explosive component shall be considered suitably insensitive to shock to enable its uninterrupted

use in explosive trains if its "NO GO" level is less than or equal to 28 mm of water.
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4 RESULTS

Two types of lead have been tested: one containing tetryl and one containing PETN. The results are

listed in Tables I and 2.

Data sheets in the layout as recommended in AOP-21 are given in Annex II.

Table 1 Results of the Explosive Component Water Gap Test obtained with the tetryl leads
(X = explosion, - = no reaction)

Characterization Test Safety test

tergap ( ) 1 2 3 1 5 6 7 8 9 10 11 12113 14115 16 17 18119 20 21Z 22 3124 Z5

V20 1 I I X X I I I

HI -ZI X X X _ -- - - - -

H2 22

H3 23

H4 24

- L -L..... .... .... ....

Table 2 Results of the Explosive Component Water Gap Test obtained with the PETN leads
(X = explosion, - = no reaction)

CIaracterization Test Safety test

Vater W m[ 2 13¾ 516118191011112 13 14 15161111 11 9 20211 21231 24 25

No H = 30 X X X I I I I I I

H01 .31 - I X I I

H2 = 32

H3 S

- - - - - - - - - - - - - -

8~.
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Experiments numbers 5 to 14 from Table 1 were performed with the bottom of the lead immersed

approximately 2 mm in the water. It appears that the "NO GO" level will be higher than when the
water surface just touches the lead. In other experiments [2] we have found that the deviation in the

results is larger too. A possible explanation is that the higher gap values are caused by the

confinement due to the water, and that the larger deviation is caused by (relatively small) deviations

in the water level alongside the lead.

For that reason it is assumed that the value obtained with the tip just touching the water surface is

the correct one, and the safety test is performed on the 21 mm level.

4.1 Calculation

The calculation of the characteristic parameters is listed in Table 3 for the tetryl leads and in Tah;,(

4 for the PETN leads.

Table 3 Calculation of the characteristic parameters for the determination of the median and
the standard deviation for tetryl leads. Since the number of positive events is equal
to the number of negative events n+ is used

H i n+ n- i.n+ i2.n+

20 0 7 0 0 0

21 1 3 7 3 3

22 2 0 3 0 0
I N+=10 N-=10 A=3 B = 3

Calculation: M 5 0 = 20 + 3/10 + 0.5 = 20.8 mm

S = 0.05 + 1.6(3 10 - 9)/100 = 0.39 mm

Table 4 Calculation of the characteristic parameters for the determination of the median and
the standard deviation for PETN leads. Since the number of positive events is equal
to the number of negative events n+ is used

H i n+ n- i.n± i2.n±

30 0 9 0 0 0
31 1 1 9 9 9
32 2 0 1 0 0

SN+=10 N-=10 A = 9 B = 9

Calculation: M5 0 = 30 + 9/10 + 0.5 = 31.4 mm

S = 0.05 + 1.6(9 . 10 - 81)/100 = 0.19 mm
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5 CONCLUSIONS

I The Explosive Component Water Gap Test (ECWGT) is an easy test to perform. It is a rela-

tively accurate test to establish the sensitivity of explosive components and boosters meant for

uninterrupted use in explosive trains. The results obtained here in the Netherlands agree with

those obtained in the other countries.

2 We have found that the results obtained with the leads immersed approximately 2 mm in the

water give a higher "NO GO" level than when the water surface just touches the bottom of the

lead.

3 Further research is to be performed with leads that have been exposed to thermal shock or to the

12 meter drop test. The influence of confinement has to be investigated too.

6 AUTHENTICATION

The experiments were carried out by R. Oostdam and J.C. Makkus under the supervision of

E.G. de Jong.

E.G. de Jong

(Project manager/Author)

7 REFERENCES
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and Booster Explosive Components. Allied Ordnance Publication - 21 (AOP-21); April 1991.

2 Unpublished data concerning the influence of confinement, thermal shock and 12 metre drop

test on the sensitivity of explosive components with the ECWGT; June 1992.
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Explosive Component: DM 1291 EC Data Sheet No:
Lot No: 9 1933 Manufacturer: DNAG, Troisdorf
Explosive Filling: Tetryl Filling Weight:
Acceptor Orientation: most sensitive downward Loading Dimensions:
Legend: X - explosion; - - no reaction

Characterization Test Safety test

Water gap (mm) 1 2 3 4 5 6 7 8 9 101 11 121 131 141 15 16117 1 18 192 0 2.1 22 231241251
HN = 20 X X X X X X

H1 = 21 X X X --- _--

H2 = 22

H3 = 23

94 - 24

H5 - 25

H6 - 26

CALCUlATION

S i n+ n- i.± i2.nt

20 0 7 0 0 0

21 1 3 7 3 3

22 2 0 3 0 0

X R+-10 11-10 A -3 B - 3

If Zn+ < Zn', use n+ *" using•N• aid 0.5

If Zn+ > Zn-, use n- AN win•,e'sI - act 0.5

Median: M5 0 - H0 + A/N ± 0.5* M5 0 - 20 + 3/10 + 0.5 - 20.8 mm

(N.B - A2 ) (30-9)
Standard deviation: S - 0.05 + 1.6 ---- N2 ---- S - 0.05 + 1.6 ---00 0.39 mm100..

S



Explosive Component: DM 1291 EC Data Sheet No:
Lot No: 9 1934 Manufacturer: DNAG, Troisdorf
Explosive Filling: PETN Filling Weight:
Acceptor Orientation: most sensitive downward Loading Dimensions:
Legend: X - explosion; - - no reaction

Chazacterization Test Safety test

water gap ('m) 1 2 3 4 5 6 7 8 9 101 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25

"80= 30 X X X X X X X X X

-1 -X -

82 = 32

H3 =

___ -K
CALCUIATIOII

a8 I n+ n- in.n 12.n*

30 0 9 0 0 0

31 1 1 9 9 9

32 2 0 1 0 0

LZ ff-0 -10 A -9 B- 9

If Zn+ _< n-, use n+ *: UinI am 0.5
If Zn+ > Zn-, use n- bwUiaN-mbtract 0.5

Median: M5 0 - H0 + A/N ± 0.5* M50 - 30 + 9/10 + 0.5 - 31.4 mm

(N.B - A2) (90-81)
Standard deviation: S - 0.05 + 1.6 - N2 ----- - 0.05 + 1.6 ..... 0.19 mm

-- 100



REPORT DOCUMENTATION PAGE
(MOD NL)

1. DEFENSE REPORT NUMBER (MOD-NL) 2. RECIPIENT'S ACCESSION NUMBER 3. PERFORMING ORGANIZATION REPORT
NUMBER

TD92-2413 PML 1992-69

4. PROJECTITASKIWORKUNIT NO. 5. CONTRACT NUMBER 6. REPORT DATE

221492019 A84/KIJ147 Janiry 1993

7 NUMBER OF PAGES 8. NUMBER OF REFERENCES 9. TYPE OF REPORT AND DATES COVERED

24 (2 Annexes) 2 Final

10 TITLE AND SUBTITLE

Round Robin experiments on the explosive components water gap test (ECWGT)

(Round Robin experimenten uitgevoerd met de Explosive Components Water Gap Test (ECWGT))

11. AUTHOR(S)

E.G. de Jong

12. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

TNO Prins Maurits Laboratory
P.O. Box 45, 2280 AA Rijswijk, The Netherlands

13 SPONSORING AGENCY NAME(S) AND ADDRESS(ES)

DMKL - afd. Munitie

P.O. Box 20703, 2500 ES The Hague

14 SUPPLEMENTARY NOTES

The classification designation: ONGERUBRICEERD is equivalent to: UNCLASSIFIED

15. ABSTRACT (MAXIMUM 200 WORDS (1044 BYTE))

Round Robin experiments have been carried out on the Explosive Components Water Gap Test (ECWGT). This

test is proposed by the Experts Group on Explosive Components for TPuzing Systems of NATO AC3 10,

Sub Group f1. This report describes the experiments performed in the Netherlands on tetryl and PETN containing

leads.

16 DESCRIPTORS IDENTIFIERS

Explosives Explosive Trains
Explosive Stability/Sensitivity
Tests

17A SECURITY CLASSIFICATION 179. SECURITY CLASSIFICATION 17C. SECURITY CLASSIFICATION
(OF REPORT) (OF PAGE) (OF ABSTRACT)

ONGERUBRRICEERD/UNCIASSIFIED ONGERUBRICEERD/UNCLASSIIED ONGERUERICEERDAJNCLASSIFIED

t8 DISTRIBUTION AVAILABIUTY STATEMENT 17D. SECURITY CLASSIFICATION

(OF TITLES)

Unlimited Distribution ONGERUBR CFFRDIUNCLASSIFIED



Distributielfist

1 DWOO

2 HWO-KL

3/4 HWO-KLu

5 HWO-KM

6 DMKI, Afdeling Munitie
Ing. J.A. van Gool

7 DMKL, Afdeling Munitie
LKol. H.J.D.M. Konings

8/10 TDCK

11 Hoofddirecteur DO-TNO

12 Lid Instituuts Advies Raad PML
Prof. drs. P.J. van den Berg

13 Lid Instituuts Advies Raad PML
Prof. ir. M.A.W. Scheffelaar

14 lid Instituuts Advies Raad PML
Prof. ir. H. Wittenberg

15 ARDEC/SMCAR-AEF-F
Mr. A.G. Nash

16 DEMEX A/S
U.Col. E. K. Lauritzen

17 DET/DANSKE
Mr. J. Schneider

18 ETBS/IC
P. Zaoui

19 E iPETA
R. Vinau

20 Materiel Management Systems
Defence Support Division - NATO HQ
Mr. J. Roberti

21 NIMIC - NATO HQ
Maj. J. de W. Fitzgerald-Smith



22 SEC-INFORM-F-X
Dr. H. Bartels

23 BWB, WMIV 4 -TROI
R. Bay

24 BWB, WMII 4
Herr A. Niemeyer

25 Dynamit Nobel AG
Dr. P. R~h

26 BICT -Lab 330
Dr. Scheunemann

27 ES-Abteilung Zundmittel
Dynamit Nobel AG
Dr. H. Zoliner

28 Laboratorio Quimico Central de Arrnamento
A. Arriero

29 Ordnance Board
Maj. G.F. Goatly

30 ET IDRA
Mr. D.C. Mullenger

31 ETI DRA
Mr. A.E. Cardell

32 ETi DRA
Fit. Lt. S. Turner

33 NSCW Code R- 12

Mr. G.R. Uaib

34 PML-TNO, Directeur; daarna re'ser

35 PML-T'NO, Directeur Progrmmmi 'u.t-reserve

36 PML-TNO, Divisie Munitietechnologie en Explosieveiligheid
Hoofd Groep Eigenschappen Energetische Materialen

37/38 PML-TNO, Divisie Munitietechnologie en Explosieveiligheid
Groep Eigenschappen Energetische Materialen

39 PML-TNO, Documentatie

40 PML'-TNO, Archief


